Fast radio bursts (FRBs) are millisecond-duration events thought to originate beyond the Milky Way galaxy. Uncertainty surrounding the burst sources, and their propagation through intervening plasma, has limited their use as cosmological probes. We report on a mildly dispersed (dispersion measure 266.5 ± 0.1 parsecs per cubic centimeter), exceptionally intense (120 ± 30 janskys), linearly polarized, scintillating burst (FRB 150807) that we directly localize to 9 square arc minutes. On the basis of a low Faraday rotation (12.0 ± 0.7 radians per square meter), we infer negligible magnetization in the circum-burst plasma and constrain the net magnetization of the cosmic web along this sightline to <21 nanogauss, parallel to the line-ofsight. The burst scintillation suggests weak turbulence in the ionized intergalactic medium.
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Fast radio bursts (FRBs) are millisecond-duration events thought to originate beyond the Milky Way galaxy. Uncertainty surrounding the burst sources, and their propagation through intervening plasma, has limited their use as cosmological probes. We report on a mildly dispersed (dispersion measure 266.5 ± 0.1 parsecs per cubic centimeter), exceptionally intense (120 ± 30 janskys), linearly polarized, scintillating burst (FRB 150807) that we directly localize to 9 square arc minutes. On the basis of a low Faraday rotation (12.0 ± 0.7 radians per square meter), we infer negligible magnetization in the circum-burst plasma and constrain the net magnetization of the cosmic web along this sightline to <21 nanogauss, parallel to the line-ofsight. The burst scintillation suggests weak turbulence in the ionized intergalactic medium.
A recently recognized population of fast radio bursts (FRBs) of likely extragalactic origin (1, 2) may revolutionize astrophysics and cosmology. Besides probing a heretoforeunknown astrophysical phenomenon, the bursts potentially carry imprints of propagation through inhomogeneous, magnetized plasma in the ionized interstellar media of other galaxies and the diffuse intergalactic medium (IGM). Simultaneous measurements of redshifts and line-ofsight free-electron column densities for FRBs can constrain the cosmological mass density and ionization history of baryons (3) (4) (5) .
We detected FRB 150807 with the 64-m Parkes radio telescope, using the 21-cm multibeam receiver (6) , while conducting timing observations of the millisecond pulsar PSR J2241−5236. This receiver is sensitive to 13 overlapping regions (beams) on the sky within a 2°diameter circle. We performed a real-time search for FRBs commensally with the pulsar timing experiment using standard hardware (7) and search techniques (8) (9) (10) .
The properties of FRB 150807 are given in Table 1 , and calibrated burst data are shown in Fig. 1 . The burst was detected in two adjacent beams. We used this two-beam detection and a model of the multibeam response (10) to constrain the position of the burst to a 9 arc min 2 region with 95% confidence (Fig. 2) and to correct the flux density and spectral shape of the burst owing to the telescope response relative to its off-axis localization. Over the 1182-to 1519.5-MHz band, the mean burst fluence is 50 ± 20 Jy ms, and the bandwidth-averaged peak flux density is 120 ± 30 Jy, with the uncertainties dominated by the telescope response at the burst position. Direct fluence measurements have not been possible for previous FRBs.
The line-of-sight free-electron column density for FRB 150807, measured in units of dispersion measure (DM), is 266.5 ± 0.1 pc cm .
‡After removing the RM of the nearby pulsar PSR J2241−5236, adopted as the Milky Way RM contribution, and assuming a |RM| of 2.7 rad m −2 and an extragalactic DM of 160 pc cm
halo [30 ± 10 pc cm −3 (14) ] (15). The DM of FRB 150807 is the smallest hitherto reported for an FRB. The spectrum of FRB 150807 is strongly enhanced between 1250 and 1300 MHz (Fig. 1D) . This is reminiscent of the spectra of bursts from the repeating FRB 121102 (16) and may be intrinsic to the source. The enhancement could also be due to diffractive scintillation caused by scattering in the Milky Way; the expected scintillation bandwidth induced by Milky Way plasma density fluctuations is expected to be >8 MHz at these frequencies (11) . The transient nature of scattering-induced magnifications (17) may explain the general absence of repeated bursts, if FRBs represent frequent bursts from compact objects (18) (19) (20) . However, it is also possible that our follow-up observations, totaling 215 hours (10), were insufficiently sensitive to detect repeat bursts.
The localization of FRB 150807 can be used to estimate the distance at which it was emitted, if we can associate the FRB with a star or a galaxy. The deepest archival images of the sky-localization area ( Fig. 2 ) contain nine objects brighter than a Ks-band magnitude of 19.2 (21): three stars and six galaxies. The brightest galaxy is at a distance between 1 and 2 Gpc (95% confidence), estimated from its photometric redshift (supplementary text S2) (10) . The other galaxies are factors of >6 fainter than the brightest. Through a comparison of their infrared magnitudes with empirical and theoretical distributions of galaxy luminosities at different distances, they are all expected to be >500 Mpc distant (22) . Additionally, a similar analysis yields a low probability (<5%) of a fainter undetected galaxy with a mass >10 9 solar masses (M ⊙ ) closer than 500 Mpc. If FRB 150807 originated in a galaxy, a distance of >500 Mpc is therefore likely unless the galaxy was <10 9 Milky Way contributions to extragalactic source RMs vary by ≲10 rad m −2 on degree angular scales at high Galactic latitudes (24) (25) (26) . The pulsar RM is consistent with expectations for the Milky Way contribution along this sightline (25, 26) ; hence, we adopted it as such. We constrained the net extragalactic line-of-sight magnetic field <B || >, weighted by the free electron density distribution and likely incorporating numerous reversals of polarity, to be <B || > < 21(1 + z mean ) nG (>95% confidence), where z mean is the mean redshift of the intervening electron-density distribution (27) , expected to be~0.1 if the burst is at a gigaparsec distance. The combined DM and RM measurements directly constrain the gigaparsec-scale magnetization of the cosmic web along this sightline.
Our results are consistent with numerous models (27, 28) that predict that at-most nanogauss magnetic fields pervade the cosmic web. Additionally, FRB progenitor theories that propose emission from young neutron stars or other objects embedded in highly magnetized star-forming regions or galaxy centers (18) (19) (20) may be inconsistent with the low RM of FRB 150807, unless the net magnetization is externally cancelled. The dispersion-corrected burst dynamic spectrum (Fig. 1C) shows strong modulations in both frequency and time below the instrument resolution, which are inconsistent with thermal noise associated with the telescope or the burst (supplementary text S1) (10) . Instead, the intensity variations, portions of which exceed 1 kJy, have an exponential distribution. Because the burst width at each frequency is consistent with the amount of dispersion in each spectrometer channel, implying that the burst is temporally unresolved, the temporal structure in the dynamic spectrum The stars and circles represent sources identified as Milky Way stars and galaxies, respectively (supplementary text S2) (10) . A large circle highlights the position of VHS7, the brightest galaxy inside the containment region, which has a distance of between 1 and 2 Gpc (95% confidence).
corresponds to spectral features that are narrower than the channel width, which are at random frequencies within the channels and therefore incorrectly dedispersed. We estimate the characteristic bandwidth of these spectral features to be 100 ± 50 kHz.
The spectral features with exponentially distributed intensities imply that the burst temporal profile is dominated by structure on fewmicrosecond scales; if the burst width was 10 ms, the measured fluence would imply a mean flux density of 5 kJy. This structure could be intrinsic to the burst emission mechanism, in which case FRB 150807 would be similar to giant pulses from the Crab pulsar (29) . In this interpretation, we would expect to observe similar spectral intensity variations in other FRBs that were detected with high significance, unless other FRBs have substantially different pulse durations. The 100-kHz structure in the spectrum of FRB 150807 may instead represent diffractive scintillation, caused by the scattering of the burst in inhomogeneous plasma along the line of sight with a characteristic time scale t d = 1/(2p × 100 kHz) = 1.6 ms (17). By analyzing the multifrequency burst profile, we place an independent upper limit on t d of 27 ms (95% confidence) at 1.3 GHz (supplementary text S1.4) (10). FRB 150807 thus exhibits weaker scattering than measured for any other FRB.
Scattering strength, quantified by the characteristic delay (t d ) of scattered rays, is related to the line-of-sight integral of the plasma-density fluctuation power spectrum [the scattering measure (SM)], under specific assumptions about the location and geometry of the scattering medium (supplementary text S1.3) (10). Contributions to the burst DM, RM, and SM can be made by plasma within the host galaxy (if the burst originated within a galaxy), within the Milky Way, and in the IGM. The 100-kHz structure is much narrower in frequency than the expectation for Milky Way scintillations (>8 MHz) along this sightline (11) . For the maximum possible redshift (0.4, >95% confidence) of FRB 150807 implied by its DM (14), intervening galaxies have only a few percent probability of being present (30) and would imply t d >> 1 ms (22) . If t d = 1.6 ms, the low RM of the burst suggests that the scattering is unlikely to have originated in a disk-galaxy host system regardless of the host DM contribution. In Fig. 3 , we compare estimates for FRB scattering strengths to those for Milky Way pulsars. We applied the standard thin-screen model for the scattering geometry, which relates the SM to t d as SM = 2.73 × 10 17 (1 + z scr ) 17/6 (n/1.3 GHz) 11/3 [t d (D eff /1 Gpc)
where n is the observing frequency, z scr is the redshift of the screen, and
, where D scr is the distance from Earth to the scattering screen and D is the Earth-source distance (31) . If FRB 150807 originated in a disk galaxy like the Milky Way, the magnitude of its RM (|RM|) would be unexpectedly low for its SM if t d ≥ 1.6 ms. Also, depending on whether or not the host dominated the DM, the |RM| would either be unexpectedly low for the DM, or the SM would be unexpectedly high for the DM, respectively. As suggested for other FRBs (22), it is possible that the 100-kHz structure in FRB 150807 represents weak scattering in a host galaxy that dominated the dispersion, with lower-thanexpected |RM| and SM relative to Milky Way disk sightlines. The host would be near to the Milky Way, and the localization implies that the galaxy would likely have a low mass (≲10 9 M ⊙ ). It is also possible that the dispersion of FRB 150807 was dominated by the IGM contribution, which would suggest a distance D~1 Gpc (14) , which is in good agreement with the localizationbased constraint. If we model the IGM as a homogeneous scattering medium along the entire sightline, the SM is approximately given by setting D eff = D/2. Setting D = 1 Gpc, and assuming t d = 1.6 ms, we find SM = 9.5 × 10 12 m -17/3
. Although this is consistent with a prediction of SM ≈ 4 × 10 12 m -17/3 in the IGM for sources at this distance (31) , such a high SM may be inconsistent with the observed thermal stability of the IGM (32). Despite its particular properties, FRB 150807 is not excluded from being drawn from the same source population as the majority of FRBs. In this case, a comparison between FRB 150807 and other FRBs provides support for the cosmological origin of a large fraction of the FRBs. The event with the second-lowest DM, FRB 010724 (1), was detected in four beams of the Parkes multibeam system, implying a fluence comparable with that of FRB 150807. Therefore, DM may correlate with source distance among FRBs, which would only be expected for a cosmological population with subdominant host-galaxy contributions. The discovery of FRB 150807 also partially resolves the lack of low-DM FRBs, which has been suggested as evidence for a nearby population with hostdominated DMs (22, 33) . The weak scattering of FRB 150807 relative to other FRBs with detected scattering could indicate a relation between dispersion and scattering strength characteristic of a clumpy IGM, similar to that observed in the Milky Way interstellar medium (34) . Last, an analysis of the FRB fluence distribution, including FRB 150807, finds evidence against a localuniverse population (35) . This analysis also predicts that events with fluences similar to that of SM range assumes a screen at 0.1 kpc from the source, the source at D = 100 Mpc, and the upper limit (27 ms) on t d ; the lower limit assumes a screen at 10 kpc, the source at D = 500 Mpc, and t d = 1.6 ms. The DM range for FRB 150807 is bounded by the total estimated extragalactic component. The RM range for FRB 150807 is bounded by its total detected RM and by its extragalactic value corrected for the Milky Way contribution. Brown squares indicate the DM, RM, and SM of FRB 150807 assuming contributions predominantly from the IGM and corrected for Milky Way contributions. The brown bars were calculated assuming t d = 27 ms. Red squares indicate DMs, RMs, and SMs of other FRBs (36) . We assumed extragalactic DMs contributed entirely by putative host galaxies and converted the scattering measurements into SMs assuming screens at 10 kpc from the sources and D = 100 Mpc. Black dots indicate DMs, RMs, and SMs of Milky Way pulsars (37) . The SMs were calculated assuming intervening scattering screens equidistant from Earth and the burst source.
FRB 150807 (that is, >50 Jy ms) are not rare, with a rate at~1.3 GHz of 190 ± 60 sky
Many microfluidic systems-including chemical reaction, sample analysis, separation, chemotaxis, and drug development and injection-require control and precision of solute transport. Although concentration levels are easily specified at injection, pressure-driven transport through channels is known to spread the initial distribution, resulting in reduced concentrations downstream. Here we document an unexpected phenomenon: The channel's cross-sectional aspect ratio alone can control the shape of the concentration profile along the channel length. Thin channels (aspect ratio << 1) deliver solutes arriving with sharp fronts and tapering tails, whereas thick channels (aspect ratio~1) produce the opposite effect. This occurs for rectangular and elliptical pipes, independent of initial distributions. Thus, it is possible to deliver solute with prescribed distributions, ranging from gradual buildup to sudden delivery, based only on the channel dimensions.
B
y exploiting the flexibility afforded by working at small scales, microfluidics and lab-on-a-chip devices have attracted interest because of their potential for simplifying and reducing costs of fluid-based laboratory processes. A key component of these devices is the pressure-driven transport of solute through channels. Recent technological advances, such as in microfluidic flow injection analysis (1, 2) and chromatographic separation (3, 4) , have increased the demand for improved precision in the controlled delivery of solutes in such flows. This becomes particularly important when limited sample sizes are available, as in some applications envisioned for microfluidic laboratory analyses. We have found that the channel's aspect ratio offers a method to specify the longitudinal solute distribution, including its peak locations and asymmetries: On long time scales, thin channels deliver species with a sharp front followed by a long tapering tail ("front-loaded"), whereas thick cross sections produce the reverse result ("back-loaded") (see Fig. 1, A and B, for schematic illustrations) .
Such phenomena go beyond the enhancement over molecular diffusion that was first explained and characterized by Taylor (5) (and has since been referred to as "Taylor dispersion"), with the prediction that flowing solute spreads with an effective, boosted diffusivity inversely proportional to the molecular diffusivity. This magnification is observed beyond long, diffusive time scales once the solute has diffused across the channel.
Recent research focusing on microfluidic applications has examined how the enhanced diffusivity also depends on the cross-sectional shape of the channel (6) (7) (8) (9) . An important yet largely unexplored avenue of investigation lies in how the cross section itself induces an asymmetry in the tracer distribution. For the special case of a circular pipe, it was observed theoretically that the distribution could arrive asymmetrically (10, 11) , but the precise role played by geometry in establishing the symmetry features, particularly regarding the role that the aspect ratio plays in setting front-versus back-loading, appears to be unexplored in the literature.
On the very shortest time scales, the symmetry properties of solute distributions are nonuniversal with respect to the cross-sectional geometry (12): Elliptical domains preserve initial symmetries, whereas rectangular ducts instantaneously create asymmetries. In contrast, we show here that on longer time scales, the longitudinal asymmetries are universal with respect to a broad class of geometries and are essentially set only by the aspect ratio. We are primarily interested in channels with elliptical and rectangular cross sections ("pipes" and "ducts"), whose minor and major axes (i.e., short and long sides) are 2a and 2b, respectively, with the aspect ratio l = a/b (0 < l ≤ 1). The Péclet number, a nondimensional parameter measuring the relative importance of transport via flow versus diffusion, is defined on the basis of the shortest length scale, Pe = Ua/k, and the diffusive time scale, t d = a 2 /k, where U is a characteristic flow speed and k is the molecular diffusivity of the solute. Péclet numbers for microfluidic applications are typically between 10 and 10
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, with diffusivities ranging from 10 -7 to 10
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